Abstract: Many methods have been used to detect the motor speed. All of these methods are based on the parameter equation of motor and the detection results are influenced by parameters of induction motor more or less. The research of Speed Measurement method without of Motor parameters effect is very significant. Based on the harmonic generated in the air gap magnetic field by the stator core on the alveolar surface, directly by the analysis and testing of stator current harmonic, the rotor speed is detected which is proportional to the speed of frequency components. Experiment results show that this method is good, and the accuracy achieve a desired effect in real time.
Introduction
There are many common methods of measuring speed for he asynchronous motor such as tachogenerator or photovoltaic digital pulses encoder, also magnetic, capacitive speed detection methods [1] , [2] , [3] . Generally speaking, speed sensor equipment not only increases the investment in hardware installation and maintenance, but also exists mechanical errors which affect measuring accuracy. In addition, speed sensor is not suitable for the environment of large damp and electromagnetic noise, thus its fields of application are limited. Therefore, the research of motor speed detection method without speed sensor is of great significance. In order to overcome the dependence on motor parameters in speed detection, in this paper the idea is proposed based on the tooth harmonics signal frequency interrelated with the speed. Under the influence of tooth harmonic, stator voltage and current signals will produce a corresponding harmonic, and these harmonic frequency and speed are related [4] , [5] . Aiming at the three-phase asynchronous induction motors in the laboratory conditions, the stator coil current and value are measured and spectrum is directly analyzed. The harmonics detection methods are studied by using signal processing technology to achieve a direct measurement of motor speed without speed sensor. The accuracy and real-time capability achieve the desired results.
The Study of Induction Motor Speed Detection Method
Generally speaking, stator voltage and current contain harmonics information. But in the case of low motor speed, stator voltage signal is weak, and affected by measurement noise, resulting in reducing measurement accuracy and increasing speed measurement error. But the stator current harmonic signal is strong and the analysis of harmonic signal is of great significance. Extraction of harmonic frequency is to rely on digital signal processing technology such as fast Fourier transform (FFT) method [6] . But the method has many disadvantages, such as a long sampling time, poor real-time processing capability, and vulnerable by the noise, causing the low motor speed and greater estimation error. In order to overcome the disadvantages of fast Fourier transform (FFT), the power spectrum estimation is used in speed estimation. By use of the feature of tooth harmonic periodic of 2f 1 , the original signal is sampled in the frequency 2f 1 [7] , [8] , [9] . Because the extracted tooth harmonic frequencies is lower than the sampling frequency, the signal will produce aliasing. That will strengthen tooth harmonics signal mutually, and counteract the noise signal because of the opposite phase [10] . It will be helpful to recognizing the spectrum peak. To achieve the best aliasing effect, the teeth harmonic is strengthened and the noise signal is reduced by the greatest extent.
System Design and Speed Estimation Principle Base on the Detection of Tooth Harmonic
This experiment is done by a 4 pole, 28 three-phase asynchronous motor alveolar experimental platform to complete the speed detections. System hardware block diagram is shown in Figure 1 .
Figure1. Test System hardware block diagram
Principles of the motor shows, the motor stator current will be induced tooth harmonic reflecting the speed information, while the rotor current also reflects speed information [11] . When three phase current flows in three-phase induction motor stator windings, the rotating magnetic potential in air gap is expressed as: z --the number of stator teeth;
Assuming slotted rotor and stator surface is smooth, the air gap permeance distribution is: If fv 1 is known, the motor speed n can be derived from above equation:
According to the reasoning formula above, a system without speed sensor measurement is designed in Figure 2 .
Figure2. Schematic diagram of direct measurement of speed

Tooth Harmonic Detection Methods
Frequency spectrum analysis is an important means of signal characteristics, spectrum is analyzed usually by finding the power spectrum. Random signal power spectrum reflects the energy of each frequency component of the distribution of power, and the useful information of the implied cyclical and the spectrum peak very closed to it. That have played an important role in many fields. Power spectrum estimation method is divided into classical and modern spectral estimation. Classical spectral estimation methods assume the data unknown outside the data to be zero, which equivalent of data windowing, and the main methods are correlation and periodogram; Modern methods estimate power output signal power spectrum through the observed data inducing parameter model, Mainly for the cases of low resolution of the classical spectrum estimation and poor variance performance. The AR parameter model is widely used [11] . In this article, the AR parameter model is used, to estimate the power spectrum by the stator current signal in MATLAB.
Parameter model power spectrum estimation method is realized by the main process: generalized stationary process x(n) is expressed by input sequence u(n)(white noise process) to stimulate the output of excited linear system H(z). The parameter H (z) the x (n) known or correlation function ) (n r x , and the power spectrum of x (n) is estimated by the parameter of H (z). 
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AR model, also known as self-regression model, it is a all-pole model, its current output is a weighted sum of past input and current input, and is expressed by (where u (n) is white noise, p is the order of AR model).
The power spectrum is output by the random signals deduced by linear systems principle: σ must be obtained.
For the spectral estimation based on AR model, the selection of model order P is very crucial. it affects the quality of spectral estimation. That the model order is too low, will lead to a smooth spectral estimates and can not provide sufficient resolution, and some signals may not be recognized; The order is too high, that will produce the result of rapid change and shocks, and obtaine a false spectral peak to produce spectrum estimation bias.
Using Hall effect sensors and current data acquisition card, tooth harmonic is obtained through the band pass filter, and the spectrum is intervals of the separation of 2f 1 . As the load increases, the frequency of the tooth harmonic with the speed reduced. In this experiment, the data is extracted in the sampling frequency 2f 1 . Through this operation, noise and spurious harmonics in the spectrum will not be enhanced and improve the observability of tooth harmonics. The RMS current signal collected is showed in Figure 3 . According to the offset frequency, the frequency which signal amplitude value is greater than the set frequency is found after the band-pass filtering. If the two normalized frequency difference is 2f 1 , it can be determined as the tooth harmonic frequency. Figure 4 describes current spectrum of the tooth harmonic frequency. Finally, finding the size of tooth harmonic frequency in the main program, speed can be obtained by the formula. 
Experimental Results and Analysis
According to the measurement principle above, the motor works in 50Hz frequency, by the use of Hall effect current sensor, three-phase induction motor tooth harmonic signals is obtained to detect teeth harmonic frequencies and estimate motor speed. The speed measurement results by teeth harmonic frequencies measurement and digital motor speed measurement were compared in Table 1 . It can be seen, the method of tooth harmonic speed estimation is feasible and effective. 
Conclusions
Induction motor speed measurement accuracy directly affects the motor efficiency and control effectiveness. The speed detection method with no speed sensor is studied in this article. Tooth harmonic induction motor for no speed sensor in speed measurement method is proposed. From the experimental results, it can be seen that the method of motor speed measurement by directly collecting the stator coil current and analyzing spectral is feasible, and get better real time performance. The method provides a high-precision detection technology of induction motor speed.
